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Abstract 
 
The monetary valuation of air quality impacts of transportation is increasingly being 
adopted when undertaking cost-benefit analysis of projects or strategies aimed at reducing 
the negative effects of transport on the environment.  
 
This paper provides a review of the evidence available on the most appropriate 
methodologies to be used for such air quality impact valuations. The paper deals with the 
main issues in identifying and categorising air quality impacts; the methodologies adopted 
to quantify mortality and morbidity effects of air pollution on health; and the valuations 
put forward by studies in Europe, the US and in Australia. Unit monetised values by 
pollutant are summarised in the paper. 
 
The valuations for each pollutant currently being proposed for Australian conditions have 
been derived using in some cases European values corrected for local conditions. There is 
considerable uncertainty in some of the estimates to warrant further research. 
 
There is little research or evidence available on non-health impacts of air quality 
deterioration, such as local and regional economic activity and employment effects due to 
loss of tourism revenues.  
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1) Overview 
 
Transport emissions are the major sources of air pollution in urban areas. Recent research 
has established a strong association between serious public health effects (premature 
mortality as well as morbidity) and air pollution due to transport emissions (see Chapter 
4, BTRE (2005) for a review of literature).  The issue of health risks posed by the transport 
sector has become a global environmental concern now and governments in different 
countries have implemented various policy measures to curb the adverse public health 
effects related to transport emissions. These measures include mandatory use of 
unleaded petrol, air quality control through improved engine technology (catalytic 
converter), regulated emission standard, reduced level of sulphur in diesel fuel and 
traffic monitoring. 
 
In economic analysis, transport emissions related health effects are seen as transport 
externalities, that is, impacts felt by those who are not direct users of the transport 
system (say, the society/community living in a busy traffic area - nearby a marketplace 
or a main road). It is important to know the monetary values of premature mortality and 
morbidity costs born by the society due to transportation in order to assess the efficacy of 
both new (proposed) and existing transport network. Over the years, these health effects 
of air pollution have been quantified extensively by various studies (mostly in developed 
countries context), where dollar value is assigned to justify and/or monitor the policy 
measures implemented. This paper attempts to review these studies conducted in 
relation to transport sector.  
 
The purpose of this review paper is twofold: 
• to identify the issues still need to be discussed and researched for a better and 
environment friendly transport network 
• to focus on Australian findings and suggest the priority areas of research in 
Australian transport context. 
 
The paper is organised in six sections. The first section discusses briefly the issues on 
transport emissions and externalities. The second section covers the literature on impacts 
of air pollution. The issues of current concern and research focus (in particular, children 
health) are addressed in the following section. The fourth section takes a look at the 
valuation methodology where a detailed analysis of the health costs estimation is 
presented.  A discussion on the current practices in the valuation of air quality impacts is 
carried out in the fifth section. Finally, in its concluding comments, the paper identifies 
future research direction in the Australian context in the last section. 
 
 
2) Transport Emissions and Externalities 
 
The general observation is that transport atmospheric emissions have increased during 
the 1990s in developed as well as developing countries, particularly in the urban sector, 
due to sheer growth in traffic volume and increased vehicle-passenger ratio. For 
example, the share of public transport in the urban areas in Australia accounted for less 
than 10 per cent of urban trips, Cox (2000). The average vehicle occupancy rate in 
Australia is around 1.1 persons, which is quite low. A low rate of vehicle occupancy 
means higher emissions for a given level of passenger kilometres travelled. 
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This upward trend in traffic growth is expected to continue in future as well. Forecasts 
for 2020 in the European Union (EU) depict a further rise in both passenger and freight 
transport, PEP-WHO, (2005).  This implies increased transport emissions and hence 
related externalities, that is, health effects of air pollution. 
 
Within the transport modes, motor vehicles are the major emitters of air pollutants in 
urban Australia, contributing more than 75% of the carbon monoxide emissions and 
most of the oxides of nitrogen and organic compounds, EA (2001) and BTRE (2002). It is 
observed that water transport (shipping) accounted for 1.1 per cent of transport 
emissions in 2001-2002, while air transport and rail transport both contributed to only 0.3 
per cent in Australian transport scenario. For the same year, road transport was found to 
emit about 94.4 per cent of transport emissions in Australia. 
2.1 What are Externalities? 
Transport related externalities are impacts felt by those who are not users of the 
transport system (ie: third parties who are not compensated if they suffer a cost; or asked 
to pay if they receive a benefit). Examples include environmental impacts (air, water and 
land pollution; noise; visual intrusion and aesthetic value; and fauna and flora) and 
energy impacts (where the price paid for energy does not reflect the rate of resource 
depletion). Rizzi and Ortuzar (2003) defined an externality in economics terms as:  
 
‘Any action taken by an economic agent that has an impact on the utility or on the production function of 
one or more third agents without incorporating the economics effects of those impacts in his/her private 
accounting’. 
 
The most discussed transport externalities are public health effects of air pollution due to 
transport emissions. Additional examples of transport externalities are accessibility, 
external transportation costs, land use, community liveability, economic development, 
safety and equity.  The most common urban life feature, motor vehicle use by individuals 
and/or commercial bodies, imposes various external costs including public costs for road 
and parking facilities, traffic congestion, crash risk, and various environmental damage 
impacts. As noted in the earlier section, other modes of transport also impose external 
costs, but generally at a lower rate per trip (Litman, 2000). 
 
External costs of transport are important indicators revealing market inefficiencies in the 
transport sector. They express those costs which are not paid by the users, leading to 
suboptimal prices and traffic volumes i.e. with prices usually too low, traffic volumes 
will be too high. 
2.2 Quantifying Externalities 
Quantifying transport externalities has become an increasingly important issue in policy 
decision making in the developed countries. However, the issue is complex since it has 
budget implications (particularly, tax and income implications) and other economic 
considerations. In addition, it involves both methodological issues and considerable 
uncertainty in its estimated values. 
 
In fact, approaches to quantifying health effects as transport externalities pose a major 
challenge for researchers. This issue is discussed in detail in Section 3.2. 
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A vast size of research literature exists on the valuation of transport externalities. This 
include studies conducted by Delucchi and Shi-Ling (1996), Litman (2000), Austroads 
(2003), Austroads (2004), Watkiss (2002), Pratt (2002), Brand & Preston (2002).  Air 
pollution cost has been quantified in terms of damage to health in most of the studies; for 
example, OECD (1994), Brunekreef (1997), Kunzli, et al. (2000), WHO (2000),  Fisher, et al. 
(2002) and Amoako & Lodh (2003), PEP-WHO (2005).  A study by Transfund (2002) 
provided advice on the valuation of externalities to be used in New Zealand transport 
project appraisal. 
 
In Australia, ATC (2004) and AustRoads (2004) provide some indicative unit costs to 
convert some externalities, such as vehicle emissions, into monetised values. However, 
the use of such values is highly qualified: for example, ATC (2004) states, 
 
 ‘The valuation of externalities is an evolving area of expertise, therefore the values should be treated with 
caution’. 
 
Some environmental impacts have local, regional and global effects, as well as short and 
long-term effects (eg: air pollution with its impact on local residents and on global 
warming). This makes it very difficult to arrive at valuations that capture these effects. 
Monetary estimates of such impacts have considerable uncertainty and are usually given 
in fairly wide ranges for each impact dependent on the type of approach used and the 
specific setting.  
Litman (2000) conducted research on economic quantification and explored different 
method for each externality, for instances, accessibility, consumer cost savings, physical 
activities and health, reduced transportation externalities, land use efficiency, community 
liveability, economic development, and equity.  Measuring techniques for each economic 
impact are as shown in Table 2.1. 
Table 2.1   Measuring Techniques for Economic Impacts 
Economic Impacts Description Measuring  Techniques 
Accessibility and savings Ability to reach goods, 
services and activities. 
Consumer transportation 
cost savings. 
Travel modeling, analysis of 
travel options, consumer 
expenditure surveys. 
Health 
 
Amount of active 
transportation and net 
impacts on public health. 
Travel and health surveys to 
determine the number of people 
who benefit from the transport 
project. 
External costs 
 
Reductions in 
transportation costs for 
facilities, congestion, 
crashes, and 
environmental impacts. 
Determine to what degree the 
transport project reduces motor 
vehicle travel, and the economic 
savings that result. 
Efficient land use More efficient land use 
associated with more 
pedestrian-oriented land 
use patterns. 
Identify the full economic, social 
and environmental benefits of 
more pedestrian oriented land 
use. 
Livability 
 
The quality of the local 
environment and 
community interactions. 
Property values, business 
activities, consumer preference 
surveys. 
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Economic Impacts Description Measuring  Techniques 
Economic development 
 
Effects on commercial 
activity, and shifts in 
consumer expenditures 
toward more locally 
produced goods. 
Market surveys and property 
assessments. Input-output table 
analysis. 
 
Equity 
 
Distribution of resources 
and opportunities. 
 
Various indicators of 
horizontal and vertical 
equity. 
Adapted from: Litman (2000) 
 
However, External cost estimation has to deal with several uncertainties. The reasons are 
manifold: 
• The data basis (population, traffic volumes, economic performance), 
• The physical indicators for damages (accidents, noise exposure rates, emission 
estimates etc.), 
• The unit values for the estimation of external costs (basic methodological 
uncertainties, value transfer procedures etc.). 
 
For example, OECD (2003) Report estimating external costs of transport in Central and 
Eastern Europe, showed the results of some sensitivity calculations of the valuations of 
individual cost categories. The sensitivities consider reasonable ranges of unit values. 
Table 2.2  Overview of Sensitivities of the Most Important Cost Categories with their 
Uncertainty Range. 
Cost category 
 
Share of 
total costs 
Relevance for 
transport 
means 
Sensitivities considered Range of 
sensitivities 
Accident 50% Road Risk value (1,5 Mio €) was 
replaced by 1,0 Mio€, on 
the other hand by 2,0 Mio €. 
-33% to +33% 
 
Air pollution 
(Health Costs) 
 
41% Road and Rail Long term mortality: 0.46 to 
1.83 million Euro. 
-35% to +71% 
 
Noise 3%  Road and Rail WTP 15 and 45 €/dB(A), 
reference 30 €/dB(A) 
-33% to +33% 
 
Climate Change 3 % All modes Upper and lower bound for 
scientific  shadow rate CO2 
(6 and 12 € per t CO2 ). 
-25% to +50% 
Source: Table 11, External costs of transport in Central and Eastern Europe,  
             OECD Final Report, May 2003. 
 
Based on mathematical mechanisms, individual ranges cannot just be summed up in 
order to get an overall range of uncertainty.  Some uncertainties can even outweigh 
themselves. 
 
3) Identifying Impacts of Air Pollution 
3.1 Background 
Air pollution  costs  refer  to  damage  caused  mainly  by  motor  vehicle  emissions. It  is 
because pollution costs imposed by other modes of transport is insignificant, though 
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some studies included rail transport induced air pollution in estimating costs, OECD 
(2003). This cost estimation includes human health, environmental damage and 
avoidance actions (such as restrictions on sports and other personal physical activities 
during air pollution events) resulting from various air emissions produced by motor 
vehicles, Litman (2002). 
 
Levinson et al. (1998) classified the types of air pollution into four categories: 
photochemical smog, acid deposition, ozone depletion and global warming, where the 
characteristics, causes and effects of each category are summarized in Table 3.1. 
Table 3.1   Characteristics, Causes and Effects by Type of Air Pollution 
Air Pollution Characteristics Causes Effects 
Photochemical 
Smog 
Occurs low in the 
atmosphere and at 
ground level. Seasonal 
in nature and peaking 
in the summertime. 
Tailpipe emissions from 
automobiles. Ozone (O3), by 
reaction between Volatile 
Organic Compounds (VOCs), 
and Nitrogen Oxides (NOx) and 
water in the presence of sunlight 
Health, 
vegetation and 
material 
damages. 
Acidic 
Deposition 
(Acid Rain) 
 
Most prevalent in 
Eastern North America 
and Europe, is found in 
troposphere. 
Sulfer Dioxide (SO2), and 
Nitrogen Dioxide (NO2) react 
with H2O to form sulfuric and 
nitric acid.  
Health, 
vegetation and 
material 
damages. 
Stratospheric 
Ozone 
Depletion  
 
Chlorofluorocarbons 
(CFCs) makes the layer 
of ozone become 
thinner. 
Chlorofluorocarbons (CFCs) More intense 
ultraviolet 
radiation 
towards the 
earth. 
Global 
warming  
(Greenhouse 
Effect) 
Trace gases in the 
troposphere absorbing 
heat emitted by the 
earth and radiate some 
of it back, thus warming 
the global atmosphere. 
Man-made pollutants including 
Carbon Dioxide (CO2), Methane 
(CH4), Nitrous Oxide (N2O), O3, 
and CFCs 
Raising the 
average 
planetary 
temperature, 
resulting in a 
slight melting of 
polar ice-caps 
and a consequent 
rise in the sea 
level. 
Source: Levinson et al (1998) 
 
Various types of motor vehicle pollution emissions and their impacts were summarized 
by US EPA (1999a) and ORNL (2000) in Table 3.2. 
Table 3.2 Vehicle Pollution Emissions 
Emission Description Sources Harmful Effects Scale 
Carbon dioxide 
(CO2) 
A byproduct of 
combustion. 
Fuel production 
and engines. 
Climate change Global 
Carbon monoxide 
(CO) 
 
A toxic gas which 
undermines blood’s ability
to carry oxygen. 
Engine Human health, 
Climate change 
 
Very local 
CFCs  
 
Durable chemical harmful 
to the ozone layer and 
climate. 
 
Older air 
conditioners, 
aerosol 
Ozone depletion Global 
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Emission Description Sources Harmful Effects Scale 
Fine particulates 
(PM10; PM2.5) 
Inhaleable particles 
consisting of bits of fuel 
and carbon. 
Diesel engines 
and other 
sources. 
Human health, 
aesthetics. 
Local and 
Regional 
Hydrocarbons 
(HC)  
Unburned fuel. Forms 
ozone.  
Fuel production 
and engines. 
Human health, 
ozone precursor. 
Regional 
Lead  Element used in older fuel 
additives.  
Fuel additives 
and batteries. 
Circulatory, 
reproductive and
nervous system. 
Local 
Methane (CH4) A gas with significant 
greenhouse gas properties.
Fuel production 
and engines. 
Climate change Global 
Nitrogen oxides 
(NOx) 
 
Various compounds. Some
are toxic, all contribute to 
ozone. 
 
Engine Human health, 
ozone precursor, 
ecological 
damages. 
Local and 
Regional 
Ozone (O2)  
 
Major urban air pollution 
problem resulting from 
NOx and VOCs combined 
in sunlight. 
NOx and VOC Human health, 
plants, aesthetics
 
Regional 
Road dust  Dust particles created by 
vehicle movement. 
Vehicle use.  Human health, 
aesthetics.  
Local 
Sulfur Oxide (SOx) Lung irritant, and causes 
acid rain.  
Diesel engines  Human health 
risks, acid rain  
Local and 
Regional 
Volatile organic 
hydrocarbons 
(VOCs). 
A variety of organic 
compounds that form 
aerosols. 
Fuel production 
and engines. 
 
Human health, 
ozone precursor. 
 
Local and 
Regional 
Toxics (e.g. 
benzene)  
VOCs that are toxic and 
carcinogenic.* 
Fuel production 
and engines. 
Human health 
risks  
Very local 
Sources:    US EPA (1999a) and ORNL (2000); * SCAQMD (2002) 
3.2 Health Effects  
Extensive research on the health effects of air pollution has been carried out in different 
parts of the world characterised by differing air quality, different pollutant mixes and 
levels, climate, available civic amenities and differing socioeconomic status of the 
population. Most of these studies observed that air pollution has an association with 
both short-term and long-term mortality as well as morbidity effects on the exposed 
population.  
 
Since transport emissions generate and add to air pollution, quantification of the health 
effects of transport induced air pollution has remained an important research focus in 
1990s, COMEP (1998); WHO (1999); Watkis (2002); PEP-WHO (2005).  Emissions 
produced by vehicles and related sources have a variety of effects on human health, 
varying from eye irritation and nausea to chronic lung diseases, cancer, or heart failure, 
Marquez et al. (2004). Health effects of air pollutants and populations at risk are 
summarized as shown in Table 3.3. 
Table 3.3 Health Effects of Air Pollutants and Populations at Risk 
Pollutant Quantified Health Effects1 
Unquantified 
Health Effect1 
Other Possible 
Effect1 Population at Risk
2 
Sulfur 
Dioxide 
Morbidity in exercising 
asthmatics: 
 Respiratory 
symptoms in 
Elderly people; 
sufferers of 
Valuing Air Quality Impacts of Transportation: A Review of Literature                                             Page 7  
Pollutant Quantified Health Effects1 
Unquantified 
Health Effect1 
Other Possible 
Effect1 Population at Risk
2 
(SO2) Changes in pulmonary 
function,  
Respiratory symptoms 
non-asthmatics, 
Hospital 
admissions 
respiratory disease 
Nitrogen 
Oxides 
(NOx) 
Morbidity:  
Respiratory illness 
 
Increased airway 
responsiveness  
Decreased 
pulmonary 
function, 
Inflammation of 
the lung,  
Immunological 
changes 
Sufferers of 
respiratory disease, 
such as children 
with asthma 
Particulate 
Matter 
(PM) / 
TSP / 
Sulfates 
 
Mortality 
Morbidity: 
Chronic and acute bronchitis, 
Hospital admissions, 
Lower respiratory illness, 
Upper respiratory illness, 
Chest illness, 
Respiratory symptoms, 
Minor RADs, 
All RADs, 
Days of work loss, 
Moderate or worse asthma 
status, 
(asthmatics) 
Changes in 
pulmonary 
function  
Chronic 
respiratory 
diseases other 
than chronic 
bronchitis, 
Inflammation of 
the lung 
Elderly people with 
respiratory and 
cardiovascular 
diseases; people 
with respiratory 
diseases, such as 
children with 
asthma 
Lead 
 
 
 
 
 
 
Mortality 
Morbidity: 
Hypertension, 
Nonfatal coronary heart 
disease, 
Nonfatal strokes, 
Intelligence quotient (IQ) loss 
effect on lifetime earnings, 
IQ loss effects on special 
education needs 
 
Health effects for 
other age ranges 
other than those 
studied,  
Neurobehavioral 
function, 
Other 
cardiovascular 
diseases, 
Reproductive 
effects, 
Fetal effects from 
maternal 
exposure, 
Delinquent and 
antisocial 
behavior in 
children 
 Children 
Ozone (O3) Mortality 
Morbidity: 
Respiratory symptoms, 
Minor RADs, 
Respiratory RADs, 
Hospital admissions, 
Asthma attacks, 
Changes in pulmonary 
function, 
Chronic sinusitis and  
hay fever 
Increased airway 
responsiveness 
to stimuli, 
Centroacinar 
fibrosis, 
Inflammation in 
the lung 
 
Immunologic 
changes,  
Chronic 
respiratory 
diseases, 
Extrapulmonary 
effects 
(changes in the 
structure or 
function of the 
organs) 
Elderly people; 
people with 
respiratory diseases 
Carbon 
Monoxide 
(CO) 
Morbidity: 
Hospital admissions, 
Congestive heart failure, 
Decreased time to onset of 
angina 
Behavioral 
effects, 
Other hospital 
admissions 
 
Other 
cardiovascular 
effects, 
Developmental 
effects 
People with ischemic 
heart conditions 
Sources:  1. Gwilliam and Kojima (2003); 2. AATSE (1997)  
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For the quantitative assessment of health effects, WHO (2000) and other international 
studies suggest that PM10 or SO2 are useful indicators of the health risk of transport 
sources of ambient air pollution. Their exposure metrics have been used in 
epidemiological studies throughout the world in the past two decades. The health effects 
associated with air pollutants in epidemiological studies include mortality and a range of 
morbidity outcomes including hospitalization for cardiovascular or respiratory disease, 
emergency room and urgent care visits, asthma exacerbation, acute and chronic 
bronchitis, restrictions in activity, work loss, school absenteeism, respiratory symptoms, 
decreased lung function etc. , Ostro (2004). 
 
In recent years, quantification of transport related health effects (including premature 
mortality and respiratory morbidity) has become an important tool to guide the policy 
decisions in transport and land use policies. These values provide relevant information 
for the policy makers on the effects (both size and extent) of the intervention on public 
health. 
3.3 Global Warming  
Of all human activities, driving motor vehicles produces the most intensive Carbon-
dioxide (CO2) emissions and other toxic gases per capita. A single tank of gasoline 
releases 140 ~180 kilograms of CO2. Over 25% of transportation-related GHG emissions 
originate from urban passenger travel, Yang (1998).  Tol (2000) estimated the external 
costs of greenhouse gas emissions from transport, that is, marginal damage costs from 
CO2 using Extern-E approach, see the Table 3.4 below: 
Table 3.4 Estimated Marginal Damage Costs from CO2 
Emission Level Cost per tonne of CO2  equivalent  reduction in Euro 
Minimum 0 
Low 1 
Medium 2 
High 4 
Maximum 16 
 
Following the offset approach, the marginal costs of abatement have been estimated for 
Germany at Euro 19 per tonne of CO2 equivalent, Friedrich (2000). 
 
According to the US National Climate Data Center (2001), global temperatures increased 
by over 1 degree Fahrenheit over the course of the last 120 years, and will likely rise even 
more during this century. Such abrupt temperature changes will cause a broad range of 
impacts, Yang (2002): 
- Sea levels will rise, flooding coastal areas   
- Glaciers and polar ice packs will melt 
- Heat waves will be more frequent and more intense 
- Droughts and wildfires will occur more often 
- Habitat changes or is destroyed and species will be pushed to extinction. 
 
Apart from CO2, other compounds that contribute to the formation of greenhouse gas 
emissions are as shown in Table 3.5. 
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Table 3.5 GHG and Global Warming Potential 
Greenhouse Gas Relative 
Effectiveness 
Decay Time 
(years) 
Relative Effectiveness in 
100 Years 
Carbon Dioxide (CO2) 1 120-500 1 
Methane (CH4) 70 7-14.5 15-30 
Nitrous Oxide (N2O) 210 120 320 
Ozone (O3)  1,800 0.01 3 
CFC  4,000 50 4,000 
Source: Rhode (1988) 
 
The greenhouse effectiveness of a gas in the atmosphere depends, in part, on its 
concentration. As the atmospheric concentration of a gas increases, the effectiveness of 
additional gas decreases. The relative effectiveness means the effectiveness of a greenhouse 
gas relative to carbon dioxide. The relative effectiveness refers to global warming 
potential (GWP) of a gas relative to carbon dioxide GWP.  The decay time is a rough 
measure of how long the greenhouse gas remains in the atmosphere.  If the decay time is 
150 years, one-half of the initial amount remains in the atmosphere after 150 years, Yang 
(2002). 
3.4 Other Impacts  
Apart from health and global warming impacts, transport users may experience some 
other air pollution impacts including  
- Exacerbated liveability and environment for local residents, tourists, and visitors that 
lead to lower economic income from tourism and discourage a new investment 
- Visual intrusion and decrease in the aesthetic value of scenic view and urban 
landscape 
- Lower land and property value 
- Air pollution from transport industry/factory, especially SO2, contributing to acid 
rain can damage built structures and vegetation 
- Air pollution encourages the use of air conditioning indoor (home and/or car), which 
increases the amount of energy consumption and makes the indoor air quality even 
worse. 
 
However, quantification of both health costs induced by indoor air pollution and non-
health costs of air pollution still remain grey areas due to identification and separation 
problem of the air pollutants and their health effects in the estimation methodology. 
 
4) Current Research Issues 
4.1 Estimating Transport Share in the Total Emission Causing Health 
Effects 
Transport emissions produce a range of different ambient air pollutants and major 
pollutants are monitored and measured by the air quality authorities. The relative 
contribution of each source and type of pollutant can vary every day, depending on 
meteorological conditions and the quantity from mobile and static sources. In practice, 
environmental protection authority air quality monitoring stations sample or capture 
PM10 from all sources including transport and then the transport proportion is 
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determined from this sampled mass concentration of PM10. The derivation of the 
transport proportion is fraught with several difficulties, Fisher et al (2002) including: 
• vehicle emission contributions dominate during peak hours but be negligible 
at night 
• emissions vary during day of the week—vehicle emissions tend to be lower in 
the weekend, but more people are outdoors making exposure cases higher 
• there is seasonal variation in the emissions, particularly, regions with home 
heating emissions 
• vehicle emission tend to disperse at the ground level implying more health 
effects 
• people exposure to vehicle emissions varies depending on the nature of their 
life style and work environment. 
 
After deriving the transport proportion, measuring the proportion of any major pollutant 
in the total transport emissions is again very difficult (almost impossible) due to multiple 
sources of emissions. However, quite a few studies have done this estimation using 
different methods, Kunzli et al (1999); Nerhagen et al (2003); BTRE (2005); PEP-WHO 
(2005). 
 
The current concern in this context is how to derive the transport share (by modes) as 
well as pollutant share in the total air pollution. This share is crucial for policy makers as 
it reflects the social cost burden in dollar values.  
 
There are also some questions about which air pollutants should be targeted if we do 
agree that policy measures need to be taken. There is a widespread consensus that the 
smaller particles (less than PM2.5) carry the highest cost burden but it is not always clear 
that the epidemiology has sorted out the interactive effects of multi-pollutant contexts. 
So long as pollutants are correlated, then a cautious approach would involve selecting 
just one 'representative' pollutant. 
4.2 Estimating Value of Statistical life (VOSL) 
The conventional evaluation of mortality or the risk of mortality is based on the VOSL 
estimated using Willingness To Pay (WTP) or Human Capital (HC) approach.  The 
validity of this estimation of VOSL depends on a number of economic assumptions as 
well as the assumed ‘linearity’ between risk and payment. Though this linearity 
assumption works well for a small range of the risk of death, it is not a good measure for 
large ranges of risk levels like mortality induced by air pollution, Bickel (2003). 
 
Another issue arises from the evidence suggesting that the WTP for reducing 
environmental mortality risks is higher than for traffic accidents risks (PEP, WHO 2005). 
WTP approach does not allow different valuation of life on the basis of age (say, 
productive adults and non-productive children and olds) due to its ethical reasons. But 
evidence, Johansson (2002) implies that at least for the aged people above 65 yrs VOSL 
may be declining.  A critical review of more than 60 studies of mortality risk premiums 
from ten countries and approximately 40 studies that present estimates of injury risk 
premiums shows that the effects of age on the value of a statistical life is positive, Viscusi 
and Aldy (2003). The study using meta-analysis indicates an income elasticity of the 
value of a statistical life from about 0.5 to 0.6. A later study by Viscusi and Aldy (2004) 
finds that workers’ value of statistical life exhibits an inverted U-shaped relationship 
over workers’ life cycle based on hedonic wage model estimates, age-specific hedonic 
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wage estimates, and a minimum distance estimator. The value of statistical life for a 60-
year old ranges from $2.5 million to $3.0 million – less than half the value for 30 to 40-
year olds. 
 
Another study supporting different pattern for the VSL over the life cycle, with the VSL 
being roughly constant until the age of 40 but sharply dropping at older ages is carried 
out by Cropper et al (1994). This study reported the results of surveys of over 3,000 
respondents given choices between various pairs of life-saving activities. It found that for 
the median respondent, saving one 20-year-old is equivalent to saving seven 60-year-
olds, while saving the lives of 20-year-olds and 40-year-olds are viewed similarly.  
 
Some studies have used this approach in quantifying the mortality cost of air pollution 
related to motor vehicle emission by reducing the total VOSL by an acceptable 
percentage. For example, BTRE (2005) used a VOSL reduced by 30% to reflect the 
difference of age pattern between traffic accidents fatalities and emission mortalities. 
 
So, the obvious question arises whether in estimating the value of VOSL, should every 
year of life have the same value or should the years after productive age (say, above 65) 
count less. This is mainly an ethical question with an economic implication, which needs 
to be addressed. So far, different studies have dealt with this question differently, PEP- 
WHO (2005). A related question would be to define the productive age: is it 55 or 60 or 
65 and so on. 
4.3 Quantifying Acute Health Effects 
Over the past two decades, the emergence of large body of literature on the health effects 
of air pollution using time-series analysis (spanning five different continents) has 
demonstrated associations between daily counts of mortality and daily or multi-day 
changes in air pollution, Morgan et al (1998), Petroeschevsky et al (2001) etc. (see Table – 
5.4).  Time series studies provide estimates of the cases of premature mortality in the 
short term (say, daily) due to acute exposures to air pollution. With increasing statistical 
sophistication, these studies have shown that either one-day or multi-day averages are 
associated with both total and cardiopulmonary mortality.   
 
However, in spite of these studies providing a clear lower bound on mortality effects, 
there is limited evidence of what period of life is 'lost' due to exposure to air pollution. It 
is known now that acute air pollution tends to have its major effects on older people. But, 
the questions arise:   
• what is the period of life lost by this group, and  
• how would that period of life lost be valued?  
 
Recent evidence suggests the period life lost, i.e. the time at which death would 
otherwise occur, could be a matter of days only, Maddison (2000), due to acute exposure. 
If this is true, there is an issue for economic valuation, namely, what is the correct notion 
of economic value to apply and what are the implications for policy.  
4.4 Quantifying Chronic Health Effects 
Though not large, we still have quite a few studies on valuing chronic effects of air 
pollution, i.e. reduced life expectancy due to the health effects of fairly continuous 
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exposure over long periods of time, Pope et al (1995); Künzli et al. (2000); and BTRE 
(2005). The results of these studies appear to be consistent in suggesting that life 
expectancy is reduced by a few months to a few years, Brunekreef (1997) and Pope 
(2000).  For example, Maddison (1998) applies the same US methodology, Pope et al 
(1995) to the UK for an hypothetical wholesale elimination of particulate matter, and 
estimates that the change in the conditional life expectancy of the 80+ age group is 1.1 
months; that for the 70-79 age group is 2.1 months, and the 60-69 age group is 3.0 
months. Rabl (2000), again using the same studies, estimates that a 50-70% reduction in 
particulate matter (PM2.5)(about 10 ug/m3) would decrease loss of life expectancy in the 
European Union and the USA by around 6 months. 
 
Generally cohort studies (see Table 5.4) are used to quantify chronic health effects of air 
pollution.  The WHO working group (2000a) concluded that cohort studies provide the 
most complete estimates of both the number of deaths attributable to air pollution and 
the average reduction in life span associated with air pollution exposure. The question is, 
then, what needs to be valued in economic terms of the periods of life expectancy lost. 
This raises the issue of whether we should be using the 'value of a statistical life' (VOSL) 
or the value of a life year lost (VOLY). 
 
The issue arises of how to place economic values on life expectancy reduced by chronic 
exposure. Using VOSLs to derive VOLYs may not be justified and this means we need 
studies that value life expectancy changes, Pearce (2001). 
4.5 Valuing Children Health Effects 
Children are more vulnerable to ambient air pollutants due to greater relative exposure, 
immature metabolism and developing stage of physiology, Kleinman (2000); Mathieu-
Nolf (2002); and Gauderman et al (2002). Results from several studies have consistently 
indicated that neonatal or early post-neonatal (1-12 months) exposure to air pollution 
contributed to mortality due to respiratory causes, PEP-WHO (2005). 
 
Quite a few studies have found evidence on a higher prevalence of respiratory 
symptoms among children living near motorways or freeways, and also a higher 
prevalence of chronic coughing, wheezing, asthma attacks and rhinitis in areas with 
higher truck traffic density, Oosterlee et al (1996); van Vliet et al (1997); van Der See et al 
(1999); Venn et al (2001); and Lin et al (2002). A strong statistical association has been 
observed between decreased lung function of children living near motorways and 
increased air pollution levels from truck and motor vehicle traffic, Brunekreef et al (1997) 
and Nakai et al (1999). Findings from the international collaborative study on the impact 
of Traffic-Related Air Pollution on Childhood Asthma (commonly known as TRAPCA) 
confirmed the association between traffic-related air pollution and coughing in children 
under two years of age, Gehring et al (2002). 
 
Given this background, it is necessary quantify – assign a dollar value - the health costs 
and reduced life expectancy costs of the children from transport emissions. So far, no 
economic evaluation is available for the VOSL or VOLY for the children. The 
international practice is to apply the same cost as for the adults, until child-specific 
values are available, PEP-WHO (2005).  
 
Other challenges regarding quantifying children health effects are: 
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• how to estimate the quantitative relationships between exposure and health 
effects (exposure response function) 
• how to choose pertinent health effects in children 
• how to put a dollar value on the effects of physical, mental and social health 
and well being of the children. 
4.6 Estimating Health Costs of Indoor Air Pollution 
Most of the studies quantifying cost of air pollution are conducted for outdoor pollution.  
However, comparative risk studies conducted in recent years by the United States 
Environmental Protection Agency and its Science Advisory Board have consistently 
ranked indoor air pollution among the top five environmental risks to public health, 
Ezzati & Kammen (2001). The most important compounds in indoor air environments 
include suspended particulate matter, sulfur dioxide, nitrogen oxides, carbon monoxide, 
photochemical oxidants (as ozone) and lead – a large portion of these pollutants coming 
from vehicle emissions. Moreover, indoor sources may lead to an accumulation of some 
compounds rarely present in ambient air. 
 
In developed countries, pollutant concentrations indoors are similar to outdoor 
concentrations, with the ratio of indoor to outdoor concentration ranging from 0.7 to 1.3.  
Poor indoor air quality can result in significant adverse effects on our health and 
environment including a significant cost burden to the economy. The Commonwealth 
Scientific and Industrial Research Organisation estimates that the cost of poor indoor air 
quality in Australia may be as high as $12 billion per year, Brown (1998). 
 
The issue in this context is twofold: 
• how important is indoor air pollution in the context of transport externalities, 
and 
• how to quantify the social cost burden of the indoor air pollution due to 
transport emissions. 
 
5) Valuation Methodology 
5.1 Overview 
The emergence of a large body of literature in last two decades on valuing transport 
externalities has brought various methodologies on board for discussion. The following 
approaches, as shown in Table 5.1, have been put forward to value externalities, Blum 
(1998): 
Table 5.1 Externality Valuation Approach 
Approach Methodology 
Resource Valuation 
(Damage Cost Approach) 
By the corresponding resource price (e.g. Prices for damage or 
repair) 
Avoidance Valuation 
(Avoidance Cost Approach) 
By the possibility of substituting the resource for one without the 
externality impact 
Risk Approach By the discounted expected monetary value based on an evaluation 
of risk 
Contingent Valuation 
(Utility Approach) 
By the willingness to pay in order to reduce negative effects*.   
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Source: Blum (1998); * Stated preference surveys are usually undertaken to derive values which reflect how much 
individuals are willing to pay to benefit from or to avoid an impact. This method is used for air and noise pollution 
valuations. 
 
Revealed preference (RP) and stated preference (SP) data are generally collected from 
attitudinal surveys.  The ultimate goal is to design appropriate valuation techniques to 
derive willingness to pay (WTP) measures for reducing each of the externalities, Nash 
(1997). NSW EPA (1995) and Tsolakis and Houghton (2003) classified the methodologies 
to value the external costs of transport into three categories as shown in Table 5.2. 
Table 5.2 Methodologies to Value the External Costs of Transport 
Approach Methodology 
Market Based By costs and prices from conventional markets 
Damage Costs: The actual costs of damages or of repairing the damage 
Avoidance Costs: The cost of preventing the damage 
Surrogate Market 
Based 
By proxies such as changes in property values (hedonic pricing) in areas 
of high traffic noise or extreme air pollution  
Opinion Based 
 
By responses to surveys or expert opinions (willingness to pay for an 
environmental gain or for acceptance of an environmental loss) by a 
range of stated preference techniques. 
 Sources: NSW EPA (1995) and Tsolakis and Houghton (2003) 
 
In general, tangible costs such as medical treatment costs are assessed using market-
based methods. Intangible costs, such as loss of quality of life or pain and suffering, are 
better assessed by opinion-based techniques. 
 
If local data are not available, benefit transfer methodologies can be employed to take data 
from another time and/or place and recalibrate it for local conditions. Several external 
cost measures are taken into the evaluation, Marquez et al. (2004), as shown in Table 5.3. 
Table 5.3 External Cost Measure and Its Definition and Use 
Measure Definition and Use 
Total external costs All externalities in a specified place over a specified 
period  
Average external costs (per traffic unit) Comparison between situation or modes 
Average external costs (per ton-km unit) Comparison between freight alternatives 
Marginal external costs  Costs of adding one extra unit to the traffic being 
evaluated 
Short run marginal costs Consider just the additional variable cost of 
operation 
Long run marginal costs Also include fixed costs of running, or the costs 
over the extended system 
 Source: Marquez et al. (2004) 
 
Average cost often serves as a proxy for marginal costs where the cost of each extra unit 
of supply is not known. The choice of methodology depends on type, availability, quality 
plus scope and scale of data. Top down approaches are used to allocate aggregate costs 
and particularly useful when comparing impacts in different places since they give a 
consistent method. In contrast, bottom up analysis of detailed data is best for in-depth 
analysis of impacts in specific areas, Marquez et al. (2004).   
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5.2 Health 
The review of the literature suggests that epidemiological studies, that establish dose-
response relationships linking environmental variables to observable health effects, formed 
a major part of the research on air quality and health in the 1990s. However, mega-
analysis and chamber studies have recently become more popular. All of the study designs 
are summarised in Table 5.4.   
Table 5.4 Study Designs on Air Quality and Health Impacts 
Categories Description Research Studies 
 
Epidemiological 
studies 
including: 
 
(Association between the incidence of 
diseases (effects) and risk factors and the 
level of pollutants in the air.) 
 
  
 
Early studies 
 
 
Association between air pollution 
exposure and excess mortality rates.  
 
Brimblecombe (1987); Chinn 
et al (1981);  Bell and Davis 
(2001) 
 
Time series 
analysis 
 
Correlation between daily changes 
in pollution and changes in health. 
The analysis considers confounding 
factors such as season, temperature 
and day of the week 
Disadvantages: It cannot establish 
the causal nature of the associations 
demonstrate. 
 
Katsouyanni et al (1995); 
Schwartz et al (1996); 
Schwartz (1997 and 1999);  
Anderson et al (1996); 
Touloumi et al (1996 and 
1997); Burnett et al (1998a and 
b); Samet et al (1995, 1997 and 
1998); Sartor et al (1997); 
Borja-Aburto et al (1997); 
Simpson et al (1997); United 
Kingdom Committee on the 
Medical Effects of Air 
Pollutants (1998); Streeton 
(1997); Bascom et al (1996); 
Wordley et al (1997); Morgan 
et al (1998a and b); Denison et 
al (2000); Prescott et al (1998); 
Sheppard et al (1999);  Morris 
and Naumova (1998); Yang et 
al (1998); Petroeschevsky et al 
(2001); Pope et al (1995b) 
 
Cohort studies 
 
Conduct the study on clearly 
defined populations over a period of 
time. They include not only the 
deaths caused by short-term but also 
long-term exposure. Cohort studies  
are suitable for a sufficiently large 
number of population over a 
reasonably short period.  
Disadvantages: Very expensive and 
time consuming. 
 
Henry et al (1991b); Dockery 
et al (1993); Pope et al (1995a 
and 2002); Abbey et al (1999); 
Krewski et al (2000); 
Brunekreef and Holgate 
(2002) 
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Categories Description Research Studies 
 
Panel studies 
 
 
 
 
Short-term studies, conducted on 
volunteers on a daily or weekly 
basic, provide data on health 
endpoints and objective measures of 
lung or cardiac function. They are 
usually large and collaborative, and 
generally take a multi-country 
analytical approach. 
 
Atkinson et al (2001) 
 
Case control 
studies 
 
A group of subjects with a particular 
health effect is compared with a 
group of subjects without any health 
effect. Both groups are exposed to 
the same air pollution levels and 
pollutant effects are investigated as 
an exposure-response function.  
 
Nyberg et al (2000); Miyao et 
al (1993) 
 
Chamber 
studies  
 
Analyse the mechanism by which 
exposure to individual air pollutants 
affect human and animal health but 
do not examine either the mixtures 
or temporal variation that occur in 
natural exposures.  
 
Samet et al (2001); Schelegle 
et al (2003); Holz et al (2002); 
Nel et al (1998);  Brunekreef 
and Holgate (2002) 
 
Meta-analysis 
 
Reduce the uncertainty associated 
with individual study by using the 
statistical pooling of results from 
several studies to obtain aggregate 
values. It recognizes the inherently 
stochastic properties of the 
estimation process so it seeks to 
estimate the mean and variance of 
the ‘mother’ distribution. It is the 
basis for extrapolating dose-
response relationships to the 
situations where no specific 
epidemiological study has been 
done. 
 
Ostro (1994 and 1996); Pope 
and Dockery (1994); Schwartz 
(1994) 
Source: BTRE (2005) 
 
A WHO working group (2000) examined methodological issues related to the health 
impact assessment of air pollution. The group concluded that cohort studies provide the 
most complete estimates of both the number of deaths attributable to air pollution and 
the average reduction in life span associated with air pollution exposure. However, the 
group agreed that time series studies would continue to play an important role in 
understanding exposure–response relationships. It also identified sensitivity analysis as 
having a critical role in bringing across the uncertainty of the impact estimates, BTRE 
(2005). 
 
Economic valuation involves three important steps, WPRO (2004):  
- Establish average levels of ambient PM10;  
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- Relate these levels to mortality and morbidity statistics of respiratory and 
cardiovascular diseases; and  
- Apply unit economic values. The basic equation of deriving the total economic cost 
(TEC) of PM for each outcome variable is: 
 
TEC = change in ambient concentration x exposure-response coefficient x 
population at risk x unit economic value 
 
A number of methodological issues, raised by the valuing of health impacts of pollution,  
fall into two groups: (a) the actual identification and measurement of health impacts; and 
(b) estimating monetary values for associated mortality (death) and morbidity (illness), 
Lvovsky (1998). 
 
CEC (1995) developed a methodology known as the Impact Pathway Approach for 
quantifying the costs due to airborne pollutants in the ExternE project series. It comprises 
the following steps: emission estimation, dispersion and chemical conversion modelling, 
calculation of physical impacts, and monetary valuation of these impacts. For the 
calculation of the costs of direct emissions from vehicle operation, emission inventories 
in spatial disaggregation are needed. For each emission inventory, Europe-wide impacts 
are calculated and subtracted from impacts resulting from a reference inventory without 
these emissions. This procedure using a reference inventory is required, because of air 
chemistry processes where “background” emissions play an important role. Besides 
emission data, the distribution of the population over space is the second central input 
for the calculations of the most important costs of air pollution, i.e. the health costs, 
O’Mahony et al. (2005). 
 
In summary, a process to quantify health impacts of air pollution is illustrated in Figure 
5.1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Valuing Air Quality Impacts of Transportation: A Review of Literature                                             Page 18  
Other Sources Transport Sources 
Emissions 
(pollutants) 
Receptors 
Emission Factor for  
- Fuel         - Vehicle 
- Load - Speed 
Dispersion 
Exposure-Response Analysis 
Economic valuation 
Relative Risk 
Health outcome cases 
Application of unit costs 
Total economic cost 
Figure 5.1 A Process to Quantify Health Impacts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Source:  BTRE (2005) 
 
The approach follows the European concept often referred to as the ‘dose-response’ or 
‘impact pathway’ (AEA Technology (2002); World Health Organization - WHO (2000)).  
In Australia, The Commonwealth Industrial and Scientific Research Organisation airshed 
model, The Air Pollution Model, is applied to predict air pollutant concentration in the 
atmosphere, Hurley (2002).  
 
The approach involves the following steps, BTRE (2005): 
- assessing and quantifying emissions from the pollutant source (motorised vehicles) 
- assessing the resulting air pollution concentrations in the surrounding area 
- assessing exposure-response functions that link health cases e.g. respiratory and 
cardiovascular disease to pollutant increments 
- valuing health cases using economic values of human life derived by either the 
willingness-to-pay or human-capital approach. 
5.2.1 Mortality 
 
There are a number of parameters which is used for quantifying the value of mortality. 
These include, Lvovsky (1998): 
 
• Value Of a Statistical Life (VOSL) – defined by individual actions in which 
people trade money against a small reduction in personal safety can be used 
to infer the value of a statistical life (VOSL). The VOSL is estimated using 
Hedonic Wage Analysis (HWA). 
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• Human Capital Approach (HCA) – is the present value of future income. 
There is a substantial literature on the valuation of life that relies on HCA. 
BTRE (2002 and 2005) has estimated VOSL using this approach. Seemingly 
straightforward, valuation using HCA in developed countries is considered 
as ‘conservative’ since it gives an ‘at least’ value. However, the application of 
HCA to developing countries can still be problematical due to distorted 
wages, cross subsidization of public services, difficulties with valuing various 
homemaking services and high unemployment rates.  
 
• Expected Loss of Discounted Life Year, Moore and Viscusi (1988) – reflects the 
remaining years of life. 
 
• Disability-Adjusted Life Years (DALYs) – this is a standard measure of the 
burden of disease, which combines life years lost due to premature death and 
fractions of years of healthy life lost as a result of illness or disability, WDR 
(1993) and Murray and Lopez (1996). A weighting function that incorporates 
discounting is used for years of life lost at each age, to reflect the different 
social weights that are usually given to the illness and premature mortality at 
different ages. 
 
• Contingent Valuation Method (CVM) – This is a survey method whereby 
respondents are asked how much they would be Willing-To-Pay (WTP) to 
reduce the occurrence of disease (morbidity) and to reduce the risk of death 
(mortality). 
 
• Benefits Transfer (BT) - is a method by which unit economic values estimated 
in a developed country are transferred to a developing country. 
• Life Expectancy involves: 
¾ estimating the change in life expectancy by age group implied by the 
change in ambient particulates; 
¾ establishing a WTP for the change in life expectancy by age group; 
and 
¾ multiplying these two values with each other and by the population 
in each age group, and adding up. 
 
The point to be noted here is that assigning a value to human life can cause community 
discomfort and policy maker problems, since valuation vary so obviously. For example, 
Australian studies vary from a low of $1 million though a median of 5 million to a high 
of $12 million per fatality, Marquez, et al. (2004). 
5.2.2 Morbidity 
 
Air pollution affects human morbidity, and the valuation of illness and disability is very 
important to assessing the social costs and cost-benefit analysis of control measures. 
Methods employed for valuing morbidity include, Lvovsky (1998): 
- Value Of a Statistical Life (VOSL)  
- Disability-Adjusted Life Years (DALYs)  
- Contingent Valuation Method (CVM) 
- Benefits Transfer (BT) 
(These four methods above have been explained earlier in Mortality section) 
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- Cost Of Illness (COI) - uses estimates of the economic costs of health care and lost 
output up to recovery or death. These comprise the sum of direct costs (hospital 
treatment, medical care, drugs, and so on) and indirect costs, which is the value of 
output lost, usually calculated as the wage rate multiplied by lost hours, and often 
using an imputed wage for home services. 
- Health Status Index - attempts to measure individuals' perceptions of the Quality of 
Well-Being (QWB) on a cardinal scale from 0 (death) to 1 (perfect health). 
- Valuation of Chronic Bronchitis – as Chronic Bronchitis (CB) is the most severe 
morbidity endpoint, for which the dose-relationship is established, Abbey et al 
(1999). This may be done by contingent valuation analysis, Viscusi et al. (1991) and 
Krupnick and Cropper (1992). 
 
Concerning the appropriate relative risk ratio for the calculation of health effects, a series 
of Exposure-response functions are recommended, such as, Lvovsky (1998): 
- Respiratory Hospital Admissions (RHA),  
- Cardiovascular Hospital Admissions (CHA),  
- Emergency Room Visits (ERV);  
- Chronic Bronchitis (CB);  
- Bed Disability Days (BDDs),  
- Restricted Activity Days (RAD),  
- Asthma Attack (AAs),  
- Acute Respiratory Symptoms (ARS), and  
- Lower Respiratory Illness in Children (LRI).  
 
There are far fewer exposure-response studies for morbidity, due to exposure to air 
pollution, which makes the available meta-analytical estimates less robust as compared 
to the mortality effects. However, the morbidity effects account for more than half of the 
overall burden of the health costs due to air pollution. The largest portion of the 
morbidity costs falls on new cases of chronic bronchitis, which, according to some 
studies, even exceed the economic costs of premature death due to air pollution (see, for 
example, US EPA (1997)), Lvovsky (1998). 
 
Recent studies are generally attributing a higher cost to pollutant emissions and 
particularly PM emissions, than earlier studies. This may reflect more recent scientific 
research, which measures the longer-term rather than shorter-term impact of air 
pollutants on health with a better understanding of the mechanisms of effects (see for 
example, Amoako et al. (2003) and Fisher et al. (2002)). 
5.3 Global Warming 
As shown in Table 5.5, three approaches are adopted to determine a monetary value on 
the benefits of greenhouse gas reductions, Clinch (1999): 
Table 5.5  Approaches to Determine a Monetary Value on the Benefits of Greenhouse 
Gas Reductions 
Approach Methodology 
Damage-Avoided Approach 
(Damage Cost Approach) 
 
Value a tonne of carbon not emitted by the cost of the damage 
that would have been done by global warming in the event 
that it had been emitted. 
Offset Approach Measure the value of not emitting a tonne of carbon using one 
method, by the next cheapest alternative method. 
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Approach Methodology 
Avoided-Cost-of-Compliance 
(Control Cost Approach) 
Measure the tonne of saved carbon by the avoided cost of 
compliance with a global/regional CO2 emission’s regional 
agreement. 
Source: Clinch (1999) 
5.4 Other Impacts 
There is little research on quantifying other air pollution impacts.  Clue (2004) conducted 
a study on evaluating the economic cost of visibility impairment.  Visibility has been 
defined as ‘the greatest distance at which an observer can just see a black object viewed 
against the horizon sky’, which in metric terminology is known as the visual range, 
Malm (1999).  The established links between air pollution and visibility impairment were 
recently examined in detail by Watson (2002). The science of visibility is also well 
documented by Malm (1999). 
 
A number of studies on quantifying economic value on visibility are based on the 
following methods, Clue (2004): 
- Revealed or stated Preference survey techniques  
- Contingent Valuation Method of Analysis (CVM) – this is the most widely used 
methodology 
- Hedonic Price Analysis, Delucchi et al (2002) and Beron et al (2001) 
- Contingent Choice, Haider et al (2002). 
 
To date, information and data obtained from this US research provides the bulk of 
research available. Three studies in particular have been widely referenced in assessing 
the economic value of visibility: McClelland et al (1993), Chestnut and Rowe, (1990) and 
Chestnut and Dennis (1997). 
 
US EPA (1999b), derived visibility values for residential visibility and recreational 
visibility separately, and used the logarithmic model. 
 
In addition, WTP can be derived as a function of baseline visibility, the magnitude of 
improvement, location and household income. For example, for in-region recreational 
visibility, WTP is calculated, US EPA (1999c). 
 
The negative impact of air quality deterioration on local and regional economic output 
has received little attention. The impact on tourism related employment and revenues 
through loss of air quality has not been quantified. 
 
6) Empirical Evidence on Valuation of Air Quality Impacts 
6.1 International Practice 
The World Bank undertook a study that assessed the magnitude of various damages in 
urban areas that may be attributed to different fuels, sectors and pollutants, Lvovsky et 
al., (1998). The damages considered in the study include: the adverse health effects of 
exposure to air pollution in urban areas; local non-health effects, i.e. reduction in 
visibility, soiling and material damages; and global climate change impacts. The analysis 
was applied to six large cities in different parts of the world suffering from the high 
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levels of air pollution -- Bangkok, Thailand; Krakow, Poland; Manila, Philippines; 
Mumbai, India; Santiago, Chile; and Shanghai, China.  
 
These cities differ in geographical and climatic conditions; demographic characteristics; 
fuel mix and use patterns; sectoral composition; and income levels; and thus together 
represent a span of different factors affecting the magnitude of the environmental costs 
of various fuel uses. Therefore, the evidence emerging from this exercise is likely to be 
representative of the typical situation in many urban areas of developing countries. The 
social costs of all environmental impacts assessed in the study reach US $ 3 billion, with 
health impacts being the predominant portion of the costs for each city.  Figure 6.1 shows 
the shares of the health, ‘local’ non-health, and climate change impacts of the study, 
Lvovsky (1998). 
Figure 6.1 The Composition of Environmental Damages due to Air Emissions from 
Fuel Combustion in Six Cities 
 
 
 
 
 
 
 
 
 
 
 
Source: World Bank estimates, Lvovsky, et al. (1998) 
6.1.1 European Practice 
 
The UNITE research project is an EU funded aimed to provide information about the 
costs, benefits and revenues of all transport modes including environmental and social 
costs. The project involved compiling accounts for 17 countries across Europe including  
Germany; Switzerland (TRANCHE A, Link et al. (2002)), Austria; Denmark; Spain; 
France; Ireland; Netherlands; UK (TRANCHE B, Link et al. (2003a)), Belgium; Finland; 
Greece; Hungary; Italy; Luxembourg; Portugal; and Sweden (TRANCHE C, Link et al. 
(2003b)) with each country having its own set of accounts in such a format those 
comparisons, where possible, could be made. Air pollution related average external 
health costs for 17 European countries for the years 1995 and 2010 are presented in Table 
6.1. 
Table 6.1  Air pollution related average external health costs for 17 European 
Countries for the years 1995 and 2010 
Motor Vehicles Euro per 1,000 pass-
km/tonne-km Car Motor-cycle Bus LDV HDV 
Average Costs (1995) 13.9 6.6 15.3 114.9 26.7 
Average Costs (2001) 12.9 11.6 16.9 98.9 26.7 
Source: Infras/IWW (2000) 
 
O’Mahony et al. (2005) compared transport costs in Ireland with some of other European 
countries examined in the UNITE project.   In the case of Ireland, estimates of emissions 
28 % 
Health Costs 
64 % 
Non - Health  
Costs 
8 % 
Climate 
  Change  
Costs  
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are made by the Environmental Protection Agency (2001) using an energy balance model 
for fuel used in all road vehicles. For the global warming calculations, the input data for 
the calculation of the costs of CO2 are made using fuel consumption data and from 
information on energy consumption and the electricity production mix (rail), O’Mahony 
et al. (2005). The costs of air pollution for 1998 road transport were calculated in the 
ExternE project series, CEC (1995).  
 
The method for calculating costs of global warming due to CO2 emissions basically 
consists of multiplying the amount of CO2 emitted by a cost factor. Due to the global 
scale of the damage caused, there is no dependency on how or where the emissions take 
place. A European average shadow value of €20 per tonne of CO2 emitted was used for 
valuing CO2 emissions within UNITE. This value represents a central estimate of the 
range of values for meeting the Kyoto targets in 2010 in the EU based on an evaluation 
by Capros and Mantzos (2000). They report a value of €5 per tonne of CO2 avoided for 
reaching the Kyoto targets for the EU, assuming a full trade flexibility scheme involving 
all regions of the world. For the case that no trading of CO2 emissions with countries 
outside the EU is permitted, they calculate a value of €38 per tonne of CO2 avoided. Fahl 
et al. (1999) estimate €19 per tonne of CO2 for meeting a 25% emission reduction from 
1990 to 2010 in Germany, Link et al. (2003a). 
6.1.2 United State Practice 
 
The literature on the VOSL, or Willingness-To-Pay (WTP), is relatively well-developed 
and there exist several analyses in which the empirical estimates, mainly from the US, are 
reviewed, such as Miller (1990), Viscusi (1992, 1993) and TER (1996). The two most 
complete surveys of the existing literature suggested a mean VOSL of US$ 3.6 million, IEI 
(1992) to US$ 4.8 million, US EPA (1997), in 1990 dollars. 
 
Small and Kazimi (1995) developed corrected emission factors as shown in the rightmost 
three columns in Table 6.2, while an estimate of pollution per unit output shown in the 
left two columns of Table 6.2, was produced by combining the total emissions with an 
estimate of passenger kilometres travelled by jets and Highway in the United States, 
GAO (1992). They also analysed the costs of air pollution from cars in the Los Angeles 
region. The evidence on mortality and morbidity and its association with pollutants 
(VOC, PM10, SOx, NOx) was reviewed and various exposure models of the Los Angeles 
region were combined with health costs. A value of life of US$4.87 million was put into 
the baseline assumptions.  
Table 6.2 Emission Factors (gm/pkt) 
 Jets      
(1) 
Highways 
(1) 
Gasoline Car 
(2) 
Light-duty 
Diesel Truck 
(2) 
Heavy-duty 
Diesel Truck 
(2) 
Passenger km 
travelled 
5.8 x 1011 5.4 x 1012    
Pollutant: 
CO 
 
0.28 
 
6.053 
 
8.125 
 
1.000 
 
5.828 
VOC 0.093 0.95 2.348 0.226 1.472 
NOx  0.13 1.11 0.787 0.933 9.801 
SOx 
PM10 
C 
 
 
100 
 
 
46 
0.038 
0.024 
0.076 
0.247 
0.360 
1.474 
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Note:   pkt = passenger kilometre travelled; data for 1989: VOC = volatile organic compounds, CO =  
carbon monoxide, NOx = nitrous oxides, SOx = sulphur oxides, PM10 = particulate matter, C = carbon 
 
Sources:  (1) GAO (1992), Bureau of Transportation Statistics (1994), carbon information from Energy 
Information Administration (1994); (2) Small and Kazimi (1995), 1992 fleet average, (gm/km) from 
EMFAC7F, updated for VOC underestimate by 2.1. 
 
Levinson et al. (1998) compared the health cost estimated by Small and Kazimi (1995) 
with the one estimated by Fuller et al. (1983) and Pace (1990) using a US$2.7 million 
value of life for consistent comparison with their accident data. Fuller et al. (1983) and 
Pace (1990) also estimated material and vegetation damage from air pollution. Table 6.3 
shows a comparison of estimates of health, material and vegetation effects in $/kg. It 
demonstrated that particulate matter (PM10) is a primary cause of mortality and 
morbidity costs, followed by morbidity due to ozone. In addition, SOx and NOx are the 
primary source of material and vegetation damages, respectively. 
 
Nordhaus (1994) made his effort in estimating a ‘carbon tax’, which would be the price of 
damages from pollution, by using a macro-economic/global climate model.  The model 
was adopted to estimate the appropriate tax at a given point of time to optimize the 
amount of pollution, trading off economic costs of damages due to greenhouse gases and 
the damages due to imposing the tax. The results showed that $5.29 in tons of carbon 
equivalent for the 1990s was the appropriate value. Later, environmentalists proposed a 
range of carbon taxes from $5.80 / tonne to $179.40 / tonne, IBI (1995) which was 
relatively much higher. However, their estimate consider only the cost of damage 
without concerning the economic burden imposed by the new tax or the changes in 
behaviour required to obtain the equilibrium, Levinson et al. (1998). Table 6.4 shows a 
comparison of some European and US studies in the costs of air pollution. 
Table 6.3 A Comparison of Estimates of Health, Material and Vegetation Effects ($/kg) 
Pollutant  Health 
Damage
 Material Damage Vegetation Damage 
 Fuller Ottinger Small and 
Kazimi 
Fuller Ottinger Fuller Ottinger 
CO n.a. n.a. n.a. $0.0063 n.a. n.a. n.a. 
VOC + NOx $1.22 $1.64 $3.04 $1.19 $0.03 $0.025 $0.03 
SOx 
PM10 
$0.84 
$1.20 
$4.61 
$0.94 
$13.82 
$12.85 
$1.60 
$1.03 
$0.31 
$0.00 
$0.0019 
n.a. 
$0.00 
$0.00 
Sources:  Fuller et al. (1983), updated to 1995 US dollars using medical care inflation rate: Pace (1990), updated from 
1990 Canadian to 1995 US dollars; Small and Kazimi (1995), in 1995 US dollars, Los Angeles region; $2.7 
M Value of Life. 
Table 6.4 Costs of Air Pollution, Comparison of Studies 
Mode Hansson/ Markham 
Kageson/ 
T&E* Planco Swiss MoT
 INFRAS/ 
IWW 
Cars 0.43 – 1.44 0.47 – 1.86 2.26 0.15 0.35 – 1.33 
Trucks 1.03 – 1.71 0.50 – 0.71 1.48 1.69 0.52 – 2.77 
Passenger Rail 
Freight Rail 
Air 
Shipping 
0.17 – 0.37 
0.22 
1.08 
0.20 
0.08 
0.08 
0.70 
- 
0.13 
0.20 
- 
0.22 
0.00 
0.00 
- 
- 
0.08 – 0.44 
0.03 – 0.15 
0.18 – 1.09 
0.15 – 0.91 
Note:       All costs, 1995 US cents per pkt or per tkt. 
Source:   IBI (1995), exhibit 3.4., Infras/IWW (1995) 
T&E = Study for Ministry of Transport and Environment. 
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The marginal costs of a 10% reduction in road-traffic related emission of air pollutants in 
the US for  1991 are presented by Delucchi (2000) in Table 6.5. 
Table 6.5  Marginal costs in US$/kg of a 10% reduction in road-traffic related 
emissions in the US (1991) 
Emission Health Costs 
Vehicle emissions, road dust, and upstream emissions Chemical  
Component Low High 
0.01 0.1 CO 
NOx 1.5 22.08 
PM10 1.45 31.69 
SOx 4.4 35.28 
VOC 0.13 1.25 
VOC + NOx (O3) 0.02 0.12 
Source: Delucchi (2000) 
6.2 Australian Practice  
Tsolakis and Houghton (2003) present estimates of transport externalities in Australia, 
using the Benefit Transfer method, calibrated from the European Infras/IWW (2000)1 and 
ExternE2, European Commission (1999), studies. Values from five countries, Denmark, 
Ireland, Greece, Portugal and Spain, are selected on the basis of characteristics similar to 
Australia, including the percentage of population residing within urban areas, the level 
of economic development characterised by purchasing power parity, and similar 
population weighted urban densities. In addition, the level of “vehicle intrusiveness” (in 
urban vehicle-km per hectare of urbanised land) is similar between these countries. The 
actual calibration process depended on the externality considered. For externalities such 
as air pollution, health effects, and noise, three factors relating to car occupancy, 
population density, and economic conditions are used. For other externalities (such as 
climate change), the procedure includes only adjustment for car occupancy. More 
specifically, a population weighted population-density ratio has been used in preference 
to simple population density ratio, and a Purchasing Power Parity (PPP) ratio is used in 
preference to Gross Regional Product (GRP) per capita. These estimates are presented in 
Table 6.6 based on the latest health cost estimates derived for Australian conditions by 
Watkiss (2002) in Table 6.7. The separate unit health cost estimates vary according to 
population densities (Bands 1 to 4), CSIRO, BTRE, ABARE (2003). 
Table 6.6  Calibrated Values of Transport Externality Unit Cost in 2001AUS $ 
 A $ / 1,000 passenger km A $ / 1,000 vkt A $ / 1,000 tkm 
Vehicle Car Motorcycle Bus Car Bus LDV HDV 
Calibrated* 19 6 22 21 270 100 22 
Estimated*
* 19 6 22 21 270 100 22 
Calibrated* 47 30 30 60 355 150 16 
 
Air Pollution 
(human health 
effects) 
Climate 
Change Estimated** 13 8 8 17 100 42 4 
Source: Tsolakis and Houghton (2003) 
 
 
                                                     
1  Infras/IWW (2000) provides estimates of climate change avoidance costs. It is based on a specific emission 
reduction target and calculates a marginal avoidance cost to reach the specified target. 
2  The ExternE methodology is based on the ‘impact pathway’ approach, which produces estimates of 
damage costs. 
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Notes: 
*  The ‘calibrated’ values are based on the Infras/IWW climate change abatement cost of €135 per tonne CO2    
    (which is based on a 50% emissions reduction target). 
** The ‘estimated’ values are based on an EU abatement cost of €38 per tonne CO2 (which is based on the  
    Kyoto Protocol emissions reduction target of 8%). 
    Air pollution, noise and urban separation costs are mostly relevant to urban areas. 
 
In Australia, the motor vehicle proportion of PM10 emission is highest in Southeast 
Queensland (31%), followed by Sydney-Newcastle-Wollongong in New South Wales and 
Port Phillip Region in Victoria (28 and 20 %, respectively), BTRE (2005). 
Table 6.7  Assumed Unit Health Costs for Pollutant Emissions in 2003 AUS $ per 
Tonne of Pollutant   
Emission Band 1 Band 2 Band 3 Band 4 
NOx 1,750 1,750 260 0 
CO 3 0.8 0.8 0 
NMVOCs 850 880 180 0 
SOx 11,380 4,380 2,800 50 
PM 341,650 93,180 93,180 1,240 
Source: CSIRO, BTRE, and ABARE (2003) after Watkiss (2002) 
Band 1  = Inner areas of larger capital cities (Sydney, Melbourne, Brisbane, Adelaide and Perth). 
Band 2  = Outer areas of large capital cities. 
Band 3  = Other urban areas, including other capital cites (Canberra, Hobart and Darwin)  
and other urban areas. 
Band 4  = Non-urban areas. 
 
BTRE (2005) estimate the economic costs of ambient air pollution from motor vehicles 
following two phases: an impact assessment and the calculation of the value of statistical 
life, the valuation of life quality and the direct cost of resources. These are then used to 
estimate total economic costs as shown in Tables 6.8, 6.9, and 6.10. 
Table 6.8  Total Economic Costs of Motor Vehicle-related Pollution ($M) in 
Australian Capital Cities, 2000   
Capital Cities Mortality Morbidity Total 
Sydney 713 323 1,036 
Melbourne 448 211 658 
Brisbane 197 98 295 
Adelaide 113 49 162 
Perth 104 49 153 
Hobart 8 3 11 
Darwin 5 2 7 
Canberra 8 - 8 
All capital cities 1,596 735 2,330 
Source: BTRE (2005) 
Note:  The figures shown are the base values from the estimation. 
Table 6.9  Total Economic Costs of Motor Vehicle-related Pollution ($M) – Regional 
Areas*, 2000   
Regional 
Areas* in  Mortality Morbidity Total 
NSW 116 40 156 
VIC 64 19 83 
QLD 40 15 54 
SA 10 2 12 
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Regional 
Areas* in  Mortality Morbidity Total 
WA 12 4 16 
TAS 8 2 10 
NT 0 0 0 
ACT na na  na  
All regional areas 250 82 332 
Source: BTRE (2005) 
Note:  -  The figures shown are the base values from the estimation. 
            -  na not available. Totals may not add due to rounding. Mortality cost estimated using a VOSL of A$ 1.3 
million.  * Regional areas are defined as all areas outside of capital cities. 
Table 6.10 Total Economic Costs of Motor Vehicle-related Pollution ($M) Australia, 
2000   
State Mortality Morbidity Total 
NSW 829 363 1,192 
VIC 512 230 741 
QLD 236 113 349 
SA 122 52 174 
WA 115 53 169 
TAS 17 5 22 
NT 5 2 8 
ACT 8 na 8 
Australia 1,846 817 2,663 
Source: BTRE (2005) 
Note:  -  The figures shown are the base values from the estimation. 
            -  na not available. Totals may not add due to rounding. Mortality cost estimated using a VOSL of 
A$ 1.3 million. 
• Regional areas are defined as excluding capital cities and towns with less than 5000 people.  
6.3 Policy Relevance:  Valuing Air pollution in Cost Benefit Analysis 
Studies conducted by US EPA (1997 and 1999) analysed retrospective and prospective 
costs and benefits of air pollution policy and concluded that there were extremely high 
benefit-cost ratios (for example, 44) for the central estimate of benefits and costs in the 
retrospective study, US EPA (1997) and more modest but very attractive ratios (about 
4:1) in the prospective study, US EPA (1999) and Portney (2000). Moreover, EPA regards 
these values could be cases of probable underestimates. In these studies, the total 
benefits are mainly contributed by health benefits (99% if damage to children's IQ is 
included). The EPA's analysis has, however, been subjected to very critical analysis 
Lutter (1998) and Sieg et al. (2000). The significant feature of all these studies is that, 
whatever may be the views of the individual estimates of benefits and costs, eventually 
health benefits dominate. However, ecosystem impacts tended to be confined to 
agriculture (crops). 
 
Even in the cost-benefit studies of actual and proposed European Directives on air 
quality control, health benefits - in the form of reduced premature mortality and reduced 
morbidity – turns up as a prominent figure. Table 6.11 shows a selection of studies 
relating to air pollutants and reveals that health benefits account for a minimum of one-
third and a maximum of nearly 100 per cent of overall benefits from pollution control. 
Moreover, in most cases these benefits exceed the costs of control by considerable 
margins. Health benefits therefore 'drive' positive benefit-cost results, as they do in the 
USA studies. 
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Table 6.11  Health Benefits as a Percentage of Overall Benefits in Recent                           
Cost-benefit Studies 
Study Title and subject area Benefits as % total benefits 
 
Holland and Krewitt (1996) 
 
 
 
 
AEA Technology (1998a) 
 
 
 
 
 
AEA Technology (1998b) and 
Krewitt et al (1999) 
 
 
 
 
 
AEA Technology (1998c) 
 
 
 
 
 
AEA Technology (1998d) 
 
 
 
AEA Technology (1999) 
 
 
 
 
IVM; NLUA and IIASA (1997); 
Olsthoorn et al (1999) 
 
 
 
Benefits of an Acidification 
Strategy for the European 
Union: reductions of SOx, NOx, 
NH3 in the European Union 
 
Cost Benefit Analysis of 
Proposals Under the UNECE 
Multi-Effect Protocol: 
reductions of SOx, NOx, NH3, 
VOCs 
 
Economic Evaluation of the 
Control of Acidification and 
Ground Level Ozone: 
reductions of NOx and VOCs. 
SO2 and NH4 held constant. 
 
 
Economic Evaluation of Air 
Quality targets for CO and 
Benzene 
 
 
 
Economic Evaluation of 
Proposals for Emission Ceilings 
for Atmospheric Pollutants 
 
Cost Benefit Analysis for the 
Protocol to Abate Acidification, 
Eutrophication and Ground 
level Ozone in Europe 
 
Economic Evaluation of Air 
Quality for Sulphur Dioxide, 
Nitrogen Dioxide, Fine and 
Suspended Particulate Matter 
and Lead: reductions of these 
pollutants 
 
86-94%. Total benefits 
cover health, crops and 
materials. 
 
 
80-93%. Total benefits 
cover health, crops, 
buildings, forests, 
ecosystems, visibility 
 
 
52-85% depending on 
inclusion or not of 
chronic health benefits. 
Total benefits include 
health, crops, materials 
and visibility 
 
B/C ratio of 0.32 to 0.46 
for CO. Costs greatly 
exceed benefits for 
benzene. Benefits consist 
of health only. 
 
B/C ratios of 3.6 to 5.9.  
Health benefits 
dominate. 
 
VOSL + morbidity 
accounts for 94% of 
benefits. B/C ratio = 2.9. 
 
 
32-98%. Total benefits 
include health and 
materials damage 
 
 
7) Research Questions for Australian Conditions 
 
The following issues and questions are raised by BTRE (2005) for the studies on health 
effects of air pollution in Australia: 
 
- Are the overseas relative risk ratios appropriate for Australia? 
- The major air pollutants with adverse health effects and their sources have been 
identified. However, the exact nature of the association between air pollutants and 
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the exposed population, given different attributes e.g. age, existing health conditions, 
needs further research. 
- The individual impacts of each pollutant on human health still need further 
investigation.   
- What are the minimum threshold levels of air pollutants, beyond which health effects 
occur. WHO (2000) has presented guidelines on the likely threshold levels for major 
air pollutants, but these may not be universally applicable. 
- How to quantify and value the loss of life is still diverse and needs standardisation. 
- The following also needs attention: 
• the health impact of very fine particles – PM1 and PM2.5. 
• measurement of indoor pollution and its contributory sources. 
• more robust estimates of particulate emissions from road dust sources. 
• more accurate measurement of the motor vehicle share of local air pollution. 
• the appropriateness of using surrogate pollutants to measure the combined 
impact of pollutants on health. 
• the extent of length of life loss that is associated with premature death from 
pollution causes. 
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